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INTRODUCTION 

With e v e r  i n c r e a s i n g  demands on f o s s i l  f u e l s  a s  a sou rce  of  energy and eve r  
d e c r e a s i n g  s u p p l i e s  o f  c rude  petroleum w i t h i n  t h e  United S t a t e s ,  t h e  n a t i o n  
must t u r n  more and more t o  t h e  use o f  c o a l .  Y e t  t h e  people o f  t h i s  coun t ry  
have mandated through t h e i r  r e p r e s e n t a t i v e s  t h a t  they do n o t  want t h e  a n t i c i p a t e d  
u s e  of  c o a l  to' deg rade  t h e i r  environment.  

The a i r  p o l l u t a n t s  o f  p a r t i c u l a r  concern a r e  n i t rogen  ox ides ,  s u l f u r  ox ides  and 
p a r t i c u l a t e s .  Nitrogen o x i d e s  a r e  formed from n i t rogen  i n  a i r  a s  w e l l  a s  o rgan ic  
n i t r o g e n  i n  t h e  f u e l ,  and t h e i r  c o n c e n t r a t i o n  i s  p r i m a r i l y  a func t ion  of combustion 
parameters .  S u l f u r  ox ides  and p a r t i c u l a t e s  are a func t ion  of t h e  chemical composi- 
t i o n  of  t h e  f u e l  used. 

In  r e sponse  t o  p u b l i c  demand, t h e  Environmental  P r o t e c t i o n  Agency, EPA, has  es tab-  
l i s h e d  a i r  q u a l i t y  s t a n d a r d s  which d e f i n e  maximum al lowable c o n c e n t r a t i o n s  o f  
p o l l u t a n t s  i n  t h e  a tmosphere.  I n d i v i d u a l  s t a t e s  have e s t a b l i s h e d  emission s tandards 
f o r  e x i s t i n g  sources  which meet t h e  EPA's A i r  Qua l i ty  Standards wh i l e  t h e  EPA has 
e s t a b l i s h e d  emission s t a n d a r d s  f o r  new sources .  The c u r r e n t  Fede ra l  Standards f o r  
emis s ions  f o r  new f o s s i l  f u e l  f i r e d  s team g e n e r a t o r s  l a r g e r  than 250 m i l l i o n  BTU/hr 
are p resen ted  i n  T a b l e  I .  

Because n i t royen  ox ides  are so dependent  upon furnace o p e r a t i n g  parameters  such a s  
b u r n e r  c o n f i g u r a t i o n ,  e x c e s s  a i r  used,  a i r  and f u e l  d i s t r i b u t i o n ,  e t c . ,  it i s  d i f f i -  
c u l t  t o  p r e d i c t  t h e  l e v e l  o f  n i t r o g e n  ox ides  t o  be expected from a g iven  f u e l .  On 
t h e  o t h e r  hand, r easonab le  p r e d i c t i o n s  can be made of t h e  expected SO2 emissions 
from c o a l  s i n c e  t h e  only s o u r c e  of  SO2 fs t h e  s u l f u r  i n  t h e  c o a l .  Thus, we would 
expec t  t h a t  i n  o r d e r  t o  m e e t  t h e  S O  emission s t a n d a r d  f o r  s o l i d  f u e l s  of 1 . 2  l b s  
p e r  m i l l i o n  B T U ' s  wh i l e  b u r n i n g  10.600 BTU/lb c o a l ,  t h e  c o a l  must c o n t a i n  0.6 w t . %  
s u l f u r  o r  l e s s .  Unfo r tuna te ly ,  t h e  s u l f u r  c o n t e n t  of c o a l s  ranges from 0.2 t o  
ove r  10 w t . %  wh i l e  t h e  t y p i c a l  c o a l  c o n t a i n s  0 . 5  t o  4 w t . %  s u l f u r .  

S u l f u r  i n  coa l  e x i s t s  i n  t h r e e  d i s t i n c t  forms; ( a )  a s  o rgan ic  s u l f u r ,  (b )  a s  p y r i t e  
O r  m a r c a s i t e  ( t w o  common c r y s t a l  forms o f  FeS ) ,  and (c) as s u l f a t e s .  The amount of 
o r g a n i c  s u l f u r  i s  normally n o t  ove r  3 w t . % .  $he s u l f a t e s ,  mainly calcium and i r o n ,  
r a r e l y  exceed a few hundredths  p e r c e n t  excep t  i n  h i g h l y  weathered o r  ox id i zed  samples. 
Because p y r i t e  and m a r c a s i t e  a r e  d i f f i c u l t  t o  d i s t i n g u i s h ,  t h e s e  forms of  s u l f u r  i n  
t h e  c o a l  a r e  c a l l e d  p y r i t e .  Nitrogen i n  c o a l  e x i s t s  i n  o rgan ic  form, and i s  gene ra l ly  
i n  t h e  range of 1.0 t o  1 . 5  w t . % .  A hypothesized s t r u c t u r e  which shows p o s s i b l e  forms 
Of o r g a n i c  s u l f u r  and o r g a n i c  n i t r o g e n  i n  c o a l  i s  shown i n  F igu re  1. 

COAL LIQUEFACTION 

Process Desc r ip t ion  

One method t h a t  is  b e i n g  s e r i o u s l y  cons ide red  to  reduce s u l f u r  and n i t rogen  con ten t s  
of Coal t o  accep tab le  l i m i t s  is l i q u e f a c t i o n  i n  t h e  presence o f  hydrogen. A concep- 
t u a l  f l o w  diagram o f  such a p r o c e s s  is shown i n  F igu re  2. Coal mixed with a so lven t  
and hydrogen r e a c t s  a t  e l e v a t e d  t empera tu res  and p r e s s u r e  e i t h e r  i n  t h e  absence o r  
P resence  of a c a t a l y s t  t o  form a mixture  of l i q u i d  p roduc t s .  I f  hydrogen consumption 
is maintained a t  low l e v e l s ,  1 .5  - 3 w t . %  o f  t h e  c o a l  f e d ,  most of  t h e  product  i s  a 
h i g h  b o i l i n g ,  heavy l i q u i d  w i t h  a h e a t i n g  value i n  t h e  o rde r  o f  16,000 BTU/lb. This 
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product  i s  s o l i d  a t  room temperaturc  and n.:iy h e  used d i r e c t l y  a s  f u e l  i f  its S u l f u r  
con ten t  is l e s s  than 0.96 w t . %  o r  f u r t h e r  vrocessed to  form e i t h e r  g a s o l i n e  or 
chemicals .  Higher hydrogen consumption i n  t he  l i q u e f a c t i o n  r e a c t o r  produces lower 
b o i l i n g  products  w i th  l o w e r  l e v e l s  o f  s u l f u r  and n i t r o g e n .  

Organic s u l f u r  and n i t rogen  a r e  removed when c o a l  i s  l i q u e f i e d  mainly by r e a c t i o n s  
which form H s and m3. The ammonia can be recovered by conven t iona l  p u r i f i c a t i o n  
methods. 2 

I 

, 

d 

/ 

1' 
'J 

Hydrogen s u l f i d e  is normally recovered,  concen t r a t ed ,  and then cove r t ed  to  s u l f u r  
i n  t h e  Claus p rocess .  The e f f l u e n t  gas from t h e  Claus u n i t  must be f u r t h e r  processed 
i n  a Claus t a i l  gas  c l eanup  u n i t  to  reduce s u l f u r  compounds t o  an env i ronmen ta l ly  
accep tab le  l e v e l .  Hydrogen s u l f i d e  produced by g a s i f i c a t i o n  o f  c o a l  o r  o f  WliqUe- 
f i e d  c o a l  t o  produce hydrogen would normally b e  p rocessed  i n  t h a t  same equipment.  
Organic n i t rogen  compounds a r e  converted a lmos t  completely to molecular  n i t r o g e n  i n  
high temperature  g a s i f i c a t i o n  p rocesses  such a s  t h e  Koppers-Totzek o r  Texaco. 

I n  t h e  l i q u e f a c t i o n  p r o c e s s ,  p y r i t i c  s u l f u r  is reduced t o  FeS , where x i s  abou t  
1.0. 
a long  w i t f i  heavy l i q u i d - l i k e  product  and unconverted c o a l .  

Desu l fu r i za t ion  P e s u l t s  

FeS is then removed mechanically by f i l t r a t i o n  or by &ven t  p r e c i p i t a t i o n  

Publ ished d a t a  on t h e  d e s u l f u r i z a t i o n  o f  c o a l  a s  a f u n c t i o n  of hydrogen consumption 
from t h e  c a t a l y t i c  H-Coal, Gulf CCL, and S y n t h o i l  p rocesses  a r e  p r e s e n t e d  f o r  I l l i n -  
o i s ,  Kentucky, Kaiparowits ,  P i t t s b u r g h ,  Big Horn, Wyodak, and Middle K i t t a n i n g  Coals 
i n  F igu re  3 ( 1 , 2 , 3 , 4 , 5 ) .  Analyses of t h e s e  c o a l s  a r e  p r e s e n t e d  i n  Table  11. Pub- 
l i s h e d  d a t a  from n o n - c a t a l y t i c  (SRC) p rocesses  a r e  a l s o  p r e s e n t e d  i n  F igu re  3 f o r  
Kentucky, Kaiparowits,  and I l l i n o i s  c o a l s ( 5 , 6 ) .  

I n  g e n e r a l ,  t h e  d a t a  p l o t t e d  i n  Figure 3 show t h a t  a s  t h e  t o t a l  amount o f  hydrogen 
consumed i n c r e a s e s ,  t h e  s u l f u r  c o n t e n t  o f  t h e  f u e l  o i l  p roduc t  dec reases .  A band 
has  been used t o  i n d i c a t e  t h e  t r e n d  of a l l  t h e  c a t a l y t i c  d a t a  s i n c e  this data has  
been t aken  over widely d i f f e r e n t  combinations of  r e a c t o r  t empera tu res  and p r e s s u r e s ,  
c o a l  space v e l o c i t i e s ,  c a t a l y s t  t y p e s ,  c a t a l y s t  ages  and a c t i v i t y  l e v e l s  w i th  r e s u l t -  
i n g  wide d i f f e r e n c e s  i n  f u e l  o i l  y i e l d s .  Consequently,  no a l l e g e d  s u p e r i o r i t y  f o r  
hydrogen s e l e c t i v i t y  f o r  s u l f u r  removal of one c a t a l y t i c  system o v e r  ano the r  can be 
i n f e r r e d  from t h i s  p a r t i c u l a r  c o l l e c t i o n  of d a t a .  

I n t e r e s t i n g l y ,  t h e  d a t a  p l o t t e d  i n  F igu re  3 show t h a t  t h e  amount o f  hydrogen r e -  
q u i r e d  t o  reach a moderate s u l f u r  l e v e l  of  about  0.9 wt. :  i n  l a r g e  s c a l e  non-ca ta ly t i c  
r e a c t o r s  corresponds reasonably w e l l  w i t h  t h e  a m u n t  o f  hydrogen r e q u i r e d  t o  r each  
t h a t  same l e v e l  of s u l f u r  i n  c a t a l y t i c  systems.  However, t h e r e  may b e  l a r g e r  d i f f e r -  
ences  i n  hydrogen consumption requirements  between l a r g e - s c a l e  n o n - c a t a l y t i c  and c a t -  
a l y t i c  p rocesses  a t  f u e l  o i l  product  s u l f u r  l e v e l s  below about  0 .5  w t . % .  I t  should 
a l s o  be  pointed o u t  t h a t  t h e  r e a c t o r  r e s idence  t imes i n  n o n - c a t a l y t i c  systems co r re s -  
ponding to  a given hydrogen consumption a r e  much h ighe r  than t h e  r e a c t o r  r e s idence  
times i n  c a t a l y t i c  systems a t  the same hydrogen consumption l e v e l s .  

As hydrogen consumption w i l l  have a l a r g e  e f f e c t  on t h e  economics of c o a l  l i q u e f a c t i o n  
p rocesses ,  it would be advantageous i f  t h e  p rocess  consumed hydrogen only i n  t h e  
formation of  H2S and Nf13. Mate r i a l  ba l ance  c a l c u l a t i o n s  show t h a t  a hydrogen consump- 
t i o n  equ iva len t  t o  oiily 0.16 w t . %  of  t h e  c o a l  is r e q u i r e d  t o  c o n v e r t  2 .5  w t . %  s u l f u r  
i n  t h e  c o a l  completely t o  HIS and a hydrogen consumption e q u i v a l e n t  t o  on ly  0.11 w t . %  
o f  t h e  c o a l  is r e q u i r e d  to  conve r t  0 . 5  w t . %  n i t r o g e n  i n  c o a l  completely t o  NH3. How- 
e v e r ,  a s  shown i n  F igu re  3 ,  t h e  amount of hydrogen r e q u i r e d  t o  d e s u l f u r i z e  c o a l  t o  
p roduc t s  con ta in ing  s u l f u r  l e v e l s  of  0 .5  - 1.0 w t . %  i s  e q u i v a l e n t  t o  1 . 5  t o  6 .0  w t . %  
o f  t h e  coa l .  A r e l a t i v e l y  l a r g e r  amount o f  hydrogen is r e q u i r e d  t o  produce l o w  s u l f u r  
f u e l  o i l  products  from low s u l f u r  subbituminous c o a l s  than from bi tuminous c o a l s  be- 
c a u s e  subbituminous Coals con ta in  a much l a r g e r  concen t r a t ion  of oxygen, 1 5  - 20 w t . % ,  



t han  bituminous c o a l s  whi.ch c o n t a i n  7 - 1 2  w t . %  oxygen. However, most of t h e  I 

hydrogen consumption shown i n  E'igurc 3 yoe" t o  t h e  product ion o f  qaseous and 
l i q u i d  hydrocarbons w i t h  a hvdroaen cnntpriL n f  about  6 t.o 1 2  w t . %  f r n m  coal. with a 
hydrogen con ten t  of abou t  5 w t . 3 .  Methane, f o r  example, c o n t a i n s  25 w t . %  hydrogen. 

Although most of  t h e  d a t a  ob ta ined  from bo th  c a t a l y t i c  and non-ca ta ly t i c  c o a l  
l i q u e f a c t i o n  f a l l s  w i t h i n  t h e  band shown i n  F igu re  3 ,  a s e p a r a t e  l i n e  has been 
drawn through d a t a  o b t a i n e d  from a bench s c a l e  n o n - c a t a l y t i c  flow r e a c t o r .  The 
observed d i f f e r e n c e  i n  t h e  r e s u l t s  ob ta ined  from t h e  bench s c a l e  r e a c t o r  and 
o t h e r  r e a c t o r s  is n o t  e n t i r e l y  due t o  d i f f e r e n c e s  i n  t h e  c o a l  p rocessed .  For 
example, t h e r e  is a s i g n i f i . c a n t  d i f f e r e n c e  i n  t h e  r e s u l t s  ob ta ined  on t h e  f r a c t i o n  
Of o rgan ic  s u l f u r  removed d u r i n g  t h e  p rocess ing  o f  a mixture  o f  Kentucky N o .  9 and 
N o .  1 4  c o a l s  i n  t h e  W i l s o n v i l l e ,  Alabama s i x  ton  pe r  day SRC p l a n t  and i n  t h e  bench 
s c a l e  r e a c t o r ,  a s  shown below. 

DESULFURIZATION RESULTS 

Wi l sonv i l l e  ( 7 )  Bench Sca le  

C o a l  Processed Kentucky N o .  9 & No. 1 4  Kentucky N o .  9 & No. 14 
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0.62 

825 
2500 

0 . 7  

0.82 

In  o r d e r  t o  exp la in  t h e  l a r g e  observed d i f f e r e n c e s  i n  t h e  f r a c t i o n  of  o rgan ic  s u l f u r  
removed i n  t h e  t w o  f i i f f e r e n t  r c x t o r  systems,  i11e e f f e c t  of mixing i n  the  r e a c t o r  
was eva lua ted .  Flow c o n s i d e r a t i o n s  i n d i c a t e d  t h a t  t h e  W i l s o n v i l l e  r e a c t o r  may have 
a c t e d  e s s e n t i a l l y  a s  a backmix r e a c t o r  wh i l e  t h e  bench s c a l e  r e a c t o r  may have a c t e d  
e s s e n t i a l l y  a s  a p e r f e c t  p l u g  flow r e a c t o r .  However, n e i t h e r  a f i r s t  o rde r  nor a 
second o r d e r  k i n e t i c  r a t e  p lo t  f i t  t h e  bench s c a l e  da t a .  

In  s i m i l a r  work, Less l ey  (8) sugges t ed  t h a t  t h e  f i r s t  o r d e r  c rack ing  r a t e  c o e f f i c i e n t  
i n  a non-ca ta ly t i c  system i s  a f u n c t i o n  of conve r s ion .  
Of t h e  Lessley equa t ion  to  t h e  d e s u l f u r i z a t i o n  bench s c a l e  d a t a ,  a f i r s t  o r d e r  r a t e  
c o e f f i c i e n t  was assumed t o  have t h e  fo l lowing  dependence on t h e  f r a c t i o n  of  organic  
s u l f u r  removed, x i  

Applying a s i m p l i f i e d  form 

k = k e-ax 
where k isoan i n i t i a l  r a t e  c o e f f i c i e n t  
and a LS a c o n s t a n t  
Assuming a f i r s t  o r d e r  r e a c t i o n  mechanism, va lues  o f  "k " and "a" were ob ta ined  
which would f i t  t h e  expe r imen ta l  bench s c a l e  d a t a .  Thege r e s u l t s  were then used t o  
p r e d i c t  t h a t  i f  t h e  r e a c t i o n  i n  t h e  bench s c a l e  r e a c t o r  had been c a r r i e d  o u t  i n  a 
P e r f e c t l y  backmixed r e a c t o r ,  t h e  f r a c t i o n  of o r g a n i c  s u l f u r  removed under t h e  reac-  
t i o n  cond i t ions  s p e c i f i e d  i n  t h e  p receed ing  t a b l e  would have been 0 .58  r a t h e r  t han  
0 .62  a c t u a l l y  observed.  
P e r f e c t  backmixing was confirmed by t h e  e x i s t e n c e  of a sma l l  temperature  g r a d i e n t  i n  
t h e  r e a c t o r .  
flow p a t t e r n  of t h e  f l u i d  i n  t h e  r e a c t o r  may be a n  impor t an t  v a r i a b l e .  

A f t e r  p y r i t e  removal. o v e r a l l  r e d u c t i o n s  of  up t o  90% o f  t h e  to ta l  s u l f u r  i n  t h e  
o r i g i n a l  coal  a r e  p o s s i b l e .  
g e n e r a l l y  inc rease  w i t h  b o i l i n g  range.  
o p e r a t i o n  and Figure 5 f o r  c a t a l y t i c  o p e r a t i o n s .  
t h e  n o n - d i s t i l l a b l e  a sh  f r e e  r e s i d u a l  f r a c t i o n  t o  which a n  a r b i t r a r y  mid-boi l ing point  
O f  1100 or 1200°F has  been a s s i g n e d  depending on t h e  sou rce  of  t h e  d a t a .  
b o i l i n g  f r a c t i o n s  may c o n t a i n  up t o  1 . 2  w t . %  s u l f u r  when o b t a i n e d  from high s u l f u r  
bituminous coa l s .  

0 .  

The f a c t  t h a t  t h e  W i l s o n v i l l e  r e a c t o r  on ly  approaches 

The r e s u l t s  o f  t h i s  a n a l y s i s ,  based on l i m i t e d  d a t a ,  sugges t  t h a t  t h e  

The s u l f u r  l e v e l s  of t h e  v a r i o u s  p roduc t  f r a c t i o n s  
Th i s  is shown i n  F igu re  4 f o r  non-ca ta ly t j c  

Most of  t h e  s u l f u r  is contained i n  

These high 
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119 S l u r r y  O i l s  produced d u r i n g  t h e  non-catalyt  i c  l iqucL.x35on of high s u l f u r  bituminous 
c o a l s  and b o i l i n g  i n  the range o f  450° t o  “ ~ U ’ F  normally c o n t a i n  0.2 - 0 . 4  w t . :  s u l f u r .  
The S u l f u r  con ten t  i n  t h e  s l u r r y  o i l  produced from low s u l f u r  subbituminous c o a l s  
is normally less than  0.05 w t . % .  
i n d i c a t e d  f o r  narrow p roduc t  f r a c t i o n s  w i t h  a mid-boi l ing p o i n t  between 350’ and 
450°F. 
h i g h e r  b o i l i n g  products .  

Deni t rogenat ion Resu l t s  

The amount of hydrogen r e q u i r e d  t o  o b t a i n  f u e l  o i l  p r o d u c t s  w i t h  a s p e c i f i c  n i t r o g e n  
Content  is i n d i c a t e d  i n  F igu re  6. There is a d i f f e r e n t i a t i o n  i n d i c a t e d  on t h i s  
f j .gure between c a t a l y t i c  and non-ca ta ly t i c  p r o c e s s i n g  r e s u l t s  w i t h  h i g h e r  n i t r o g e n  
renova1 ob ta ined  c a t a l y t i c a l l y .  However, more hydrogen is r e q u i r e d  t o  o b t a i n  t h e s e  
lower product  n i t rogen  l e v e l s .  Even i n  t h e  c a s e  o f  c a t a l y t i c  systems,  t h e  n i t r o g e n  
Content  of the f u e l  o i l  f r a c t i o n  is seldom less t h a n  one h a l f  t h e  n i t r o g e n  c o n t e n t  
O f  t h e  f eed  coa l .  If h i g h e r  l e v e l s  of den i t rogena t ion  a r e  r equ i r ed ,  a d d i t i o n a l  
hydrogen p rocess ing  of the primary p roduc t s  u s ing  n i t r o g e n  s p e c i f i c  c a t a l y s t s  w i l l  
b e  necessary.  

F igu res  7 and 8 show n i t r o g e n  content as a f u n c t i o n  of t h e  ave rage  b o i l i n g  p o i n t s  
of p roduc t  f r a c t i o n s .  These r e s u l t s  show t h a t  there is a s t e a d y  i n c r e a s e  i n  n i t r o -  
gen con ten t  as average b o i l i n g  p o i n t  i nc reases ,  S u r p r i s i n g l y  l i t t l e  d i f f e r e n c e  is 
e v i d e n t  between the n i t r o g e n  c o n t e n t s  of p a r t i c u l a r  p roduc t  f r a c t i o n s  from c a t a l y t i c  
and non-ca ta ly t i c  systems. However, as t h e  y i e l d  of l o w  b o i l i n g  l i q u i d s  is  much 
l a r g e r  f r o m  c a t a l y t i c  systems than  from non-ca ta ly t i c  systems,  t h e  t o t a l  n i t r o g e n  
i n  a l l  products  from t h e  c a t a l y t i c  systems i s  lower than  t h e  t o t a l  n i t r o g e n  i n  a l l  
p roduc t s  from t h e  non-ca ta ly t i c  systems.  

An i n t e r e s t i n g ,  b u t  unexplained a n o m l y ,  is 

These m a t e r i a l s  have s u l f u r  c o n t e n t s  h i g h e r  t han  bo th  l i g h t e r  p roduc t s  and 

CONCLUSIONS 

-Coal  l i q u e f a c t i o n  can  p rov ide  a low s u l f u r ,  environmental ly  a c c e p t a b l e  f u e l  from 
h i g h  sulfur, environmental ly  unacceptable  c o a l .  However, c u r r e n t  c o a l  l i q u e f a c t i o n  
p rocesses  r e q u i r e  s u b s t a n t i a l  amOUnts o f  hydrogen. 

There i s  l i t t l e  d i f f e r e n c e  i n  the amount of hydrogen consumed to reach  a moderate 
s u l f u r  l e v e l  o f  abou t  0.9 w t . %  in t h e  f u e l  o i l  products  from c a t a l y t i c  processes 
and i n  t h e  f u e l  o i l  p roduc t s  from l a r g e  s c a l e  SRC processes .  There a r e  i n d i c a t i o n s  
t h a t  t h e  hydrogen consumption requirements  for d e s u l f u r i z a t i o n  are s i g n i f i c a n t l y  
a f f e c t e d  by t h e  e x t e n t  of mixing w i t h i n  the reactor. 

A s i g n i f i c a n t l y  l a r g e r  amount of n i t rogen  is removed from c o a l  p rocessed  i n  c a t a l y t i c  
systems than from coal processed i n  non-ca ta ly t i c  systems. A t  t h e  same t ime,  t h e  
hydrogen consumptions and y i e l d s  of low b o i l i n g  l i q u i d s  from c a t a l y t i c  systems a r e  
s u b s t a n t i a l l y  l a r g e r  t han  the hydrogen consumptions and y i e l d s  o f  low b o i l i n g  l i q u i d s  
from non-ca ta ly t i c  systems.  

F i n a l l y ,  ana lyses  of l i q u e f i e d  c o a l  p roduc t s  i n d i c a t e s  t h a t  t h e  h i g h e s t  n i t r o g e n  and 
s u l f u r  l e v e l s  are con ta ined  i n  the h i g h e s t  b o i l i n g  p roduc t  f r a c t i o n s .  

d 
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TABLE I 

NEW STATIONARY SOURCE EMISSION STANDARDS 

For F o s s i l  Fue l  F i r e d  Steam Generators  l a r g e r  t han  2 5 0 ~ 1 0 ~  Btu/Hr. 

Spec ie s  Standard 

P a r t i c u l a t e s  

s02 

Nox 

6 a) 0 . 1  lb/10 Btu max. 2 h r .  ave.  

b) 20% o p a c i t y .  40% o p a c i t y  no t  

c)  Excludes H20 

a )  Liquid F u e l :  0.8 lb/10 Btu 

more than  2 min/hr .  

6 

max. 2 h r .  ave.  

b) .  S o l i d  Fue l :  1 . 2  lb/106 Btu 
max. 2 h r .  ave.  

6 a )  Gas Fue l :  0 . 2  lb/10 Btu 
max. 2 h r .  ave.  

6 b) Liquid:  0 . 3  lb/10 B t u  

c )  S o l i d :  0.7 lb/10 Btu max. 

max. 2 iir. ave. 
6 

2 h r .  ave.  

1 



#4 
\ 
\ 

1 
1 

i 
\ 

I 

Proxiwte  
Analysis 

W t . %  

Ash 8.5 

V o l a t i l e  
Mater 39.2 

Fixed 
Carbon 52.3 

- 

Ultimate 
Analysis 

Wt.$ 

Hydrogen 5.1 

Carbon 73.0 

Nitrogen 1.3 

Oxygen 9.0 

Sulfur  3.1 

Ash 8.5 

Fo L71LIj 
of 
Sulfur  
- 
- 
W t . %  

su l f a t e  0.26 

W r i t i c  1.42 

Organic 1.35 

- 

Kentucky 

#9,11. 
12,13 

17.2 

37.8 

45.0 

4.8 

60.7 

1.2 

11.3 

5.5 

16.5 

0.47 

3.08 

1.95 

I l l i n o i s  

#6 

11.6 

42.0 

46.4 

4.8 

70.2 

1.4 

9.3 

3.2 

11.1 

Pittsburgh 

#8 

8.3 

34.1 

57.6 

5 .1  

76.8 

1.6 

6.7 

1.5 

8.3 

#E 

8 .3  

42.8 

48.9 

5.1 

73.9 

1.2 

7.5 

4.0 

8 .3  

Middle 

Kittaning 

9.7 

40.3 

50.0 

5.3 

72.8 

1.3 

7.5 

3.1 

10.0 

0.00 0.01 

2.1 1.32 

.83 1.9 1.77 

€66 

Kaiparowits B i g  

6 . 3  

43.9 

49.8 

5.1 

72.5 

1.0 

14.7 

0.4 

6.3 

Horn 

4.4 

42.5 

53.1 

4.6 

69.4 

1.2 

19.9 

0.5 

4.4 

0.02 €14 
0.00 

0.38 .40 

Wyodak 

7.3 

46.4 

46.3 

4.8 

66.0 

1.1 

20.4 

0.4 

7.3 
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Figure 7 NITROGEN CONTENT OF COAL LIQUIDS 
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